vaccima the lesions pass through the stages of papule, vesicle and pustule with little cropping, and the first lesions seldom occur earlier than the ninth day after vaccination. In most cases the disease is self-limiting, the lesions heal normally, and neutralizing antibodies develop during the course of the disease. A small number of cases have been reported, however, in which lesions continued to develop over a period of weeks or months. Nearly all of these have been fatal. A further case of this type is reported here.
Case Report E.H., a girl, was born by normal delivery at full term on September 24, 1951, and weighed 6 lb. 5 oz. at birth. The parents, who were first cousins, were quite healthy. The mother had been unsuccessfully vaccinated in infancy and had not been re-vaccinated. The father had been successfully vaccinated in infancy and re-vaccinated in 1944. This resulted in a normal reaction. The only sibling had died at the age of 5 months from bronchopneumonia and had not been vaccinated. The baby had been breast fed for four weeks and was then weaned on to Ilacidac'; supplements of cod liver oil and ascorbic acid had been given, and up to the time of vaccination she had been very well and gaining weight normally. (Fig. 2) . Other single vesicles were on the upper lip, the right side of the face, the dorsum of the right hand (Fig. 3) , the right leg, the left heel, and there were a few lesions on the back. No lesions were seen in the mouth. Neither the spleen nor any lymph nodes were palpable. A provisional diagnosis of generalized vaccinia was made.
ulcers. Lesions in the nostrils led to nasal obstruction and interfered with feeding. The eyelids became involved two weeks before death but the eyes themselves were not affected (Fig. 5 thawing in alcohol-solid CO2 and 0 4 ml. was then inoculated on to the chorio-allantois of each of four eggs. The serum was separated from the clotted blood and stored at -78°C. After three days' incubation the eggs inoculated with the swab extract showed typical isolated vaccinial lesions from the higher dilution while the lower dilution showed confluent lesions. Microscopical examination of sections of confluent lesions showed proliferation of the ectodermal cells, which contained large amounts of acidophilic intra-cytoplasmic granular inclusion material when stained with eosin and methyl blue.
The pock counts in the four eggs inoculated each with 0-4 ml. of whole blood ranged from 20 to 30 so that more than 50 infective particles per ml. must have been present in the child's blood at this time. Finally the vaccinia virus recovered from the bone marrow of the infant at necropsy was itself tested in neutralization tests on the chorio-allantois and shown to be readily neutralizable by anti-vaccinial rabbit serum. Further, this virus was also neutralized by serum from the two donors, serum given on December 22 (A) and blood on December 31 (M) ( Table 1 ). The degree of neutralization of this virus did not differ from that of a stock While we were preparing this paper our attention was drawn to the report by Bruton (1952) of a case of recurrent infection over a period of four years in a young boy in whom failure of antibody production was found to be associated with complete absence of gamma globulin in his serum. A specimen of serum from our case which had been obtained on December 31 (before the transfusion of whole blood) and had been stored at -78 C. for seven months was sent to Professor R. A. Kekwick for electrophoretic analysis. His report, together with normal values for newborn infants, is given in Table 3 . (1945) Discussion It has been shown that a viraemia frequently occurs after primary vaccination (Herzberg-Kremmer and Herzberg, 1930-31) and it is, therefore, not surprising that in people whose skin is already damaged by atopic eczema or other skin disease, by burns or by varicella, widespread lesions may occur. Generalized vaccinia occasionally develops in individuals whose skin was previously undamaged. The course of the disease is then very similar to smallpox, the lesions appearing in one crop about eight to 12 days after vaccination. Virus-neutralizing antibody has been demonstrated in such cases (McCarthy, 1951) .
In a very few cases widespread cutaneous lesions continue to appear over several weeks; they do not go through the normal stages of development and they fail to heal. The primary lesion develops at the normal time after vaccination but also fails to heal and secondary lesions may appear around its periphery. Nearly all of these cases have been fatal.
Acland and Fisher (1893) described such a case in a 3-month-old infant vaccinated by the arm-toarmnmethod, the lymph being derived originally from strain of vaccinia virus derived by egg culture from a vaccination lesion in a normal adult ( Table 2 ). The possibility that the virus might have become resistant to neutralization by immune sera can therefore be excluded. a calf but having had 41 human passages before this vaccination. On the fourteenth day after vaccination a large sore developed at the vaccination site and scattered lesions were present on the face, lips, trunk and extremities. Lesions continued to appear for five weeks and the child eventually died 49 days after vaccination. Throughout the course of the disease no enlargement of the lymph nodes was noted and there was little or no fever. Shortt (1933) and Dible and Gleave (1934) reported another case which was very similar to the one recorded here. The child was 3 months old and generalized lesions developed 16 days after vaccination, death occurring 10 days later. At necropsy necrotic areas were found in the liver and spleen which, on section, showed no inflammatory reaction. The histology of the skin lesions resembled that in the present case, the notable features being the absence of inflammatory reaction and the large number of cytoplasmic inclusion bodies. No antibody studies were carried out in their case. Bigler and Slotkowski (1951) described a case of generalized vaccinia in a Negro girl who had been unsuccessfully vaccinated in infancy. She was revaccinated at the age of 5 9 years on the left arm and five weeks later there was a necrotic ulcer at the vaccination site. Ten weeks after vaccination umbilicated, vesicular lesions appeared on the shoulder, back, face and hand. The left arm became gangrenous before death. Laurance, Cunliffe and Dudgeon (1952) have recorded another case in an infant of 4 months who died after a course of 89 days. In 1944 Crosbie and Downie (personal communication) saw a child who had been vaccinated at the age of 11 months and in whom lesions continued to develop until death occurred from intercurrent infection two months later. Laurance et al. (1952) mention, without giving details, two additional cases, one of which recovered. Thus of the eight cases of which we have knowledge, seven have been fatal.
The main feature which distinguishes these cases from most cases of generalized vaccinia and of eczema vaccinatum is the prolonged course, during which lesions continue to develop and fail to heal. In the course of a normal vaccination virusneutralizing antibody appears in the blood at about 12 to 14 days and continues to rise until about three weeks when it attains a steady level. Antibody probably develops in the cells at an earlier stage at the time when the primary lesion begins to heal, i.e. about eight to nine days. In most cases of generalized vaccinia cutaneous lesions develop as a single crop about eight days after vaccination. HerzbergKremmer and Herzberg showed that the viraemia following primary vaccination usually occurs at about the sixth to eighth day. When metastatic lesions occur they would then take another two to three days to develop. By that time the accumulation of virus-neutralizing antibody in the blood would prevent the development of further lesions and would aid the healing of those which were already present. If antibody did not develop, the viraemia would persist unchecked and the healing of metastatic lesions might be impaired. In the case reported by Laurance et al., in Crosbie and Downie's case, and in our own, failure of antibody production was demonstrated and it is probable that there was a similar failure in the other five cases listed above.
A noteworthy feature of our case was the profound lymphopenia (120 lymphocytes per c.mm.). Associated with this was the remarkable absence of lymphocytes in the sections of spleen and lymph node which were examined. Monocytes and plasma cells were present in abundance. The recent work of Fagraeus (1948) suggests that the plasma cell is the principal cell responsible for antibody production. It is, therefore, interesting that in this case failure of virus-neutralizing ant'ibody production was associated with the presence of abundant plasma cells in the reticulo-endothelial system whereas lymphocytes were almost impossible to find. As the peripheral blood counts were only performed after the transfusion of whole blood it is possible that the scanty lymphocytes which were present in the child's blood may have been derived from the donor's blood transfused the previous day, the donor having been bled three hours before transfusion.
The complete absence of gamma globulin in the single specimen of serum that was examined is of interest in view of the report of Bruton (1952) 
